Background: Surgery and fasting may trigger a stress response that causes postoperative hyperglycemia and insulin resistance. Development of insulin resistance is associated with the increase of postoperative morbidity and mortality.
Introduction
Surgery is not only defined as an act of instrumentation to remove a pathological condition of a patient, further from the standpoint of metabolic surgery is a combination of various factors such as anesthesia, medication, blood loss, tissue damage and temperature changes that will lead to metabolic changes, which can cause postoperative stress response [1] .
The stress response surgery will trigger the release of catabolic hormones such as catecholamines, cortisol, glucagon; and the release of cytokines such as interleukin-6 and TNF-α, which can independently give the rise to insulin resistance [2] . Insulin Resistance (IR) and hyperglycemia condition will be associated with increased postoperative morbidity and mortality [3] .
Elective surgery usually would fast overnight for about 8 to 12 hours, which aims to reduce the risk of pulmonary aspiration. However, fasting will lead to a catabolic status that contributes onset of metabolic change including IR and increased ketogenesis [3] .
Revised guidelines from several countries such as America, Canada and Europe which recommend reducing the duration of preoperative fasting with provision of water or a glucose solution for a few hours prior to elective surgery can improve patient comfort and safety [4] . It is also supported by Yu Yang's study in 2012 which stated that the administration of 10% glucose solution at 2-3 hours before the induction of anesthesia is safe. Other studies comparing fasting by oral glucose administration, said that in subjects who were given oral glucose preoperatively had lower blood sugar levels and IR status [5, 6] .
IR in subjects who underwent major surgery, and to determine the effect of preoperative oral glucose administration frequency to the degree of IR.
Methods
This randomized single blind controlled trial study is conducted in December 2016 until February 2017 in the operating theater of Sanglah hospital. Forty-five subjects aged between 16-65 years who will undergo major surgery with general anesthesia in surgical oncology incorporated into this study. Whereas subjects with diabetes mellitus or with HbA1c > 6.5%, subjects with BMI less than 17 kgs/m 2 and more than 30 kgs/m 2 , subjects with physical status ASA III -V, subjects with hormonal therapy and steroids as well as subjects combined with regional anesthesia technic were excluded in this study. The drop out criteria was bleeding during the operation are more than 30% of Estimated Blood Volume (EBV) and when the operating time are more than 360 minutes.
The Forty-five samples of this study were divided into three groups: control group (n=15), the first treatment group (n=15) and second treatment group (n=15). The first treatment group got a solution which contained 75 grams of glucose monohydrate and dissolved in 300 ml water in the evening before the surgery at 21:00 pm and the morning before surgery at 05:00 am, subsequent to the second treatment group was only given solution which containing 75 grams of glucose monohydrate and dissolved in 300 ml water in the morning before surgery at 05:00 am, while the control group was not given a glucose solution, which was given only mineral water in the evenings at 21:00 pm and morning at 05.00 am preoperatively. Blood sample of the subjects was taken to examine the blood sugar levels, insulin levels and calculation of HOMA-IR before surgery at 05.00 am before the patient took a solution of glucose and in the recovery room at 14.00 pm postoperatively, measurement of IR using homeostasis model assessment insulin resistance (HOMA-IR) formula. HOMA-IR was calculated by the following formula: HOMA IR = (Blood Glucose X insulin) / 405 [7, 8] . Glucose level was expressed in mg/dl and insulin levels included in μU / ml. Limit of normal values for resistance insulin was 1.85 where the higher HOMA-IR mean higher degree of insulin resistance [9] . Collected data were analyzed statistically with test for normality using Shapiro -Wilk and for data which was classified as not normal distribution followed by Kruskal -Wallis test, also tested the homogeneity of variance with the Levene test. Furthermore, to know the difference between groups was tested with Post Hoc LSD, while because the distribution data of the difference in insulin and HOMA-IR was not normally distributed, they were analyzed by Mann -Whitney test.
Results
The total number of samples in this study that met the acceptance criteria as much as 45 samples, each treatment group and the control sample amounted to 15 people. All the taken samples met the acceptance criteria and none met the criteria drop out. From the characteristics of the sample by age, gender, ASA physical status, BMI, duration of surgery and the amount of bleeding in accordance listed in table 1 of all treatment groups had comparable. 
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Comparison of mean and median value in all groups of this studies in preoperative period shown in Table 2 , which were obtained by the calculation of random blood sugar, insulin and HOMA-IR preoperatively in all treatment groups were statistically significant different with p value 0.033, 0.046 and 0.019.
Further calculations postoperative random blood sugar and insulin levels in all treatment groups were statistically significant different with p value < 0.001 and 0.001 like it shown in table 3. Postoperative median HOMA-IR in the first treatment group was 0.4 (IQR 0.36), in the second treatment group was 0.46 (IQR 0.78) and in the control groups was 1.96 (IQR 1.7) with p value < 0.001. So the calculation value of HOMA-IR preoperatively in all treatment groups were statistically significant different, whereas in all groups at preoperative and postoperative obtained an increased of HOMA-IR in the control group, while in the treatment groups the HOMA-IR seemed to be decrease like it shown in Figure 1 . The Difference (∆) in random blood sugar among all groups were significantly different with p value 0.003; so as when compared to the difference between random blood sugar between first treatment groups to the control group and the second treatment group to the controls also obtained significantly different with p values of both is 0,003 and 0,048, but the comparison of the difference between random blood sugar between first treatment and second treatment group obtained was not significantly different with p value 0.918, while the difference in HOMA-IR among all of groups were significantly different with p value 0.036, where the smallest median value is in the first treatment group when compared between first treatment and second treatment groups seem statistically significant different with p value 0,007 like it shown in table 4. 
Insulin plays an important role in various metabolic processes in the body, especially the metabolism of glucose. This hormone is a very crucial role in the utilization of glucose by almost all body tissues, especially in muscle, fat and liver. It is known there are several stages in the process of insulin secretion after stimulation by glucose molecules. The first stage is the process of glucose passing through the cell membrane. To be able to pass through the membrane of beta cells needed the help of other compounds. Glucose transporter (GLUT) is a compound of amino acids contained in the various cells that play a role in the metabolism of glucose [10] .
Stress conditions caused by surgical intervention or critical illness, can cause various metabolic changes including excessive glucose production and the disruption of glucose uptake in peripheral tissues that depend on insulin, which ultimately leads to the conditions of hyperglycemia. Where the presence of high blood sugar may impaired the body's immune response. Trauma of the surgery accompanying stress thus activates the endocrine system. The result is increased production of glucose in the liver, barriers secretion on insulin action and insulin resistance, which then again will increase the incidence of hyperglycemia [11] .
Further studies conducted by Brownlee related to stress conditions during the surgery showed that in the early phase after surgery, resistance is mostly located in peripheral location, which is mainly in the muscles, and a few days later resistance is more prevalent in the liver. Peripheral tissue mainly in the muscle is the main sensitive organ to insulin. In the muscles, found a quickly reduction of specific proteins to transport glucose after surgery, in this case the quantity of GLUT-4 (glucose transporter-4) as a response to the stimulus of glucose is reduced under conditions of stress, it can explain the cause of the uptake block of glucose into the muscle. In these conditions, excess of glucose can enter the cells only through the mechanism of glycolysis, which in conditions of excessive glycolysis, the free radicals oxygen formed in the mitochondria. These free radicals are, at some point will lead to large changes in metabolism even further on gene expression that seems to be applied to determine the cause of postoperative IR, gene expression is altered as a result of surgical stress to be an up-regulation of genes for inflammation in this case the release of cytokines may play a role in the development of IR [10, 12] .
In this study, it appears that administration of oral glucose two times (evening and early morning preoperatively) and giving once (early morning preoperative) is effective for preventing an increase in blood sugar and IR when compared with the control group, but the comparison of administration oral glucose twice time and giving once has no significant difference in preventing postoperative increase in blood sugar. If compared in IR condition, administration of oral glucose twice time found better in reducing postoperative insulin resistance than once time.
Conclusion
Major surgery causes an increase in postoperative blood glucose levels and IR, then by providing oral glucose preoperatively can lowering blood glucose levels and IR postoperatively compared with subjects who fasted preoperatively and administration of oral glucose two times (evening and morning) before surgery more effective in lowering of postoperative IR compared to subjects who given oral glucose just once time (only morning) preoperatively, however the result of this study may be more generalizable when used larger number of subject.
